The force reduction factor (R) and its components for steel buildings are evaluated in this study. The R factor for single-degree-of-freedom models produces non-conservative designs. The global R values can be very different than the local ones. The contribution of damping to R is much more uniformly distributed and different than that of yield, implying that the latter should not be expressed in terms of viscous damping. The value of 8 specified in the codes for R is justified only for low-rise buildings and global parameters, if viscous damping is considered. If damping is not considered, this value cannot be justified in any case, a value of 6 is recommended.
MOST building codes around the world permit the use of elastic procedures to determine the seismic demands on steel buildings, either for small or large deformations. Due to the relative simplicity in their application, methods like the static equivalent lateral force (SELF) procedure are broadly used. Many codes permit the use of this procedure, where the seismic forces obtained according to elastic analysis are reduced essentially using a parameter called the force (also named seismic or modification) reduction factor (R). However, when this procedure is used for the case of steel buildings, it is not possible to properly capture the effects of nonlinearity introduced by large deformations and connections as well as by nonlinear geometry. In addition, dissipation of energy due to yielding of the material (or due to any other source), which have a significant effect on the structural response, is also considered in a crude manner. In fact, dissipation of energy due to nonlinear behaviour of the material is associated with one of the most important components of the R factor 1 . Reyes-Salazar 2 found that the R parameter depends on the plastic mechanism as well as on the loading, unloading and reloading process at plastic hinges. Thus, the evaluation of the R factor using sophisticated analysis procedures to capture the effects mentioned above as well as by modelling structures as realistically as possible is of central importance. It is accepted that nonlinear time-history analysis is the most accurate and reliable procedure providing realistic modelling of the structure as well as of the cyclic load deformation characteristics of its structural elements. In this study the components of the seismic reduction factor for steel buildings are numerically evaluated using nonlinear timehistory analysis and by modelling the buildings as complex three-dimensional (3D) structures; the results are compared with those given in the codes. The use of the R factor represents one of the most controversial issues in the SELF procedure. In general, it accounts, for dissipation of energy as well as for over strength; but the performance of different structural systems during past earthquakes is considered as well. However, it is not clearly stated which are the components of each of the factors involved in the mentioned reduction factors. The lack of rationality of building seismic codes related to the specified R values has been pointed out in some studies 3, 4 . Many mechanisms contribute to the energy dissipation in actual building structures. In seismic analysis of steel buildings, this dissipation is usually considered in two ways: equivalent viscous dampers are used to model the energy dissipation at deformations within the elastic limit of buildings, while the dissipated energy due to inelastic behaviour (yielding) of the material is considered by including the inelastic relationship between resisting forces and deformations. In spite of this, it is not explicitly stated in the codes if elastic damping should be considered in the response reduction, as mentioned by Whittaker et al. 5 . The main objective of this study is to calculate the seismic reduction factors for steel buildings with moment frames at the perimeter (PMRF). The contributions of yielding of the material, elastic-viscous damping and overstrength to the R parameter are estimated. The buildings are represented by complex 3D structural models, with thousands of degrees of freedom, where the effect of dissipation of energy is explicitly considered. Other structural representations are also used and the obtained R values are compared with those specified in the codes.
Literature review
Numerical studies related to the nonlinear response of different structural systems under the action of earthquakes, following different objectives, have been conducted by many researchers. The estimation of nonlinear responses of steel and concrete buildings, or any other structure modelled by single-degree-of-freedom (SDOF) systems considering the nonlinear behaviour produced by dissipation of energy has been of particular interest. Rai 6 pointed out some future significant developments in earthquake-resistant design of structures within a multidisciplinary field of engineering. Kougioumtzoglou and Spanos 7 proposed a method based on stochastic averaging and equivalent linearization to determine the response of lightly damped nonlinear SDOF oscillators. Sivaram et al. 8 estimated strong motions at 17 stations in Southern Peninsular India using the empirical Green's function method. Some results were used to simulate ground motions, which were compared with the results of the stochastic seismological model.
The nonlinear responses of SDOF systems, in terms of the modification factor or the ductility reduction factor (R μ ), have been extensively studied too. Introduced first in Applied Technology Council (ATC), USA 9 at the end of the 1970s, the modification factor was used to reduce the elastic response (base shear) obtained from a 5% damped acceleration response spectra. Several initial studies can be found in the literature [10] [11] [12] [13] . Whittaker et al. 5 proposed calculating R as the product of factors accounting for viscous damping, ductility and overstrength. Many other methods to estimate the R factor have also been proposed 14, 15 . Most of the earlier studies were based on simplified systems, where dissipation of energy was not properly considered. It has been emphasized that dissipation of energy significantly affects the structural response [16] [17] [18] and consequently the magnitude of the R parameter, which also depends on the pattern of plastic hinges developed (plastic mechanism) in the structures. It is worth to mention that it is not possible to observe plastic mechanisms and to explicitly estimate the dissipate energy by modelling structures as SDOF systems.
Several studies have also been conducted concerning the evaluation of nonlinear response of different structures idealized as multi-degree-of-freedom (MDOF) models, in terms of the modification factor or the dissipated energy 1, [19] [20] [21] [22] [23] . The main limitations of these studies, particularly for steel building, structures, are that sheartype structures, 2D moment frames, simplified MDOF systems or a moderate nonlinear deformation have been considered. It is worth to mention that idealizing structures by 2D frames or by simple MDOF systems, does not represent their real behaviour since the contribution of some members and some vibration modes as well as dissipation of energy are not properly considered. Moreover, moderate nonlinear deformation does not correspond to the maximum modification reduction factors. In addition, only global response parameters have been usually considered while evaluating the ductility reduction factors.
Objectives
As discussed above, the primary objective of this study is to evaluate the seismic factors (R) for steel building structures with PMRF, represented by complex 3D models. The contributions to the R factor of (a) dissipation of energy due to inelastic behaviour, (b) dissipation of energy due to viscous damping, and (c) overstrength, which are expressed through the ductility reduction factor (R μ ), the damping reduction factor (R ζ ), and the overstrength factor (R Ω ) respectively, are considered. The specific objectives are: (1) To calculate the R μ parameter for steel buildings represented by complex 3D models. Equivalent 3D structural representations of steel buildings with spatial moment resisting frames (SMRF) are also included. The resulting R μ factors, for global and local parameters, are compared with those of the 2D structural representation and those of equivalent SDOF systems. A significant level of structural deformation is considered. It is assumed that local shear panel zone or lateral torsional bucking cannot occur, in such a way that the models can reach significant plastic deformations. (2) To calculate the R ζ parameter for the four structural representations mentioned above. (3) To estimate and compare the magnitude of R with that specified in the codes.
Procedure and mathematical formulation
The RUAUMOKO computer program 24 was used to perform the required step-by-step nonlinear seismic analyses, where the Newmark constant average acceleration method was used to numerically solve the nonlinear differential equation system that governs the problem under consideration. No strength degradation, bilinear behaviour with 5% of the initial stiffness in the second zone and concentrated plasticity were assumed in the analyses. The axial load-bending moment interaction is given by the yield interaction surface proposed by Chen and Atsuta 25 .
Structural models
Due to their advantages in space and ductility capacity, moment resisting frames (MRFs) are broadly used in steel buildings. The characteristics of the structural system, however, have changed during the last three decades in some developed countries like USA. Because of the weak axis connection fragility, the common practice after the 80s is to use fully restrained connections (FRC) only at the perimeter. Consequently, the redundancy significantly decreases. FRC at the interior and at the perimeter (SMRF) are commonly used in steel buildings in México, implying greater redundancy than those of systems with only PMRF. The force reduction factors of these two systems are estimated here; to this aim, equivalent models with SMRF are used. An important issue in steel buildings with PMRF that deserves attention is that the PMRF (2D plane frames) are only considered to resist the seismic (lateral) loading, ignoring the presence of interior gravity frames (IGF). In other words, in practical seismic analysis of the structural system under consideration, it is assumed that for a given horizontal direction each PMRF resist half of the total seismic load; hence seismic analysis of this system is performed using 2D models. However, modelling the buildings as 2D models does not represent the actual behaviour since the dynamic characteristics in terms of distribution of mass and stiffness, as well as in terms of energy dissipation, may be quite different for the 2D and 3D models. Moreover, the contribution of some members and some modes is ignored. To evaluate the accuracy of this practice, the reduction factors of steel buildings modelled as 3D structures were compared to those calculated for 2D models. In addition, these results were also compared with those of the SMRF and SDOF structural representations.
SAC models:
Two steel building models with 3 and 10 levels are used in this study. The models are assumed to be located in the Los Angeles area, USA and designed as part of the SAC Steel Project. The 3-level and 10-level models are denoted as SAC1 and SAC2 with fundamental lateral vibration periods of 1.02 and 2.34 s respectively. The elevation and plan, as well as some particular members to study response reduction at a local level, are shown in Figures 1 and 2 for the SAC1 and SAC2 models respectively. Table 1 shows the sections for beams and columns. Three per cent of critical damping is assumed. Additional information can be obtained from a FEMA report 26 . In this section, the frames are modelled as complex 3D MDOF systems.
All structural members of the PMRF are assumed to be connected by FRC and are modelled as beam-column elements; the vertical members (columns) are represented by one element and the horizontal ones (girders) by two elements, having a node at the mid-span. In addition, six degrees-of-freedom per node are considered. The vertical elements of IGF are also modelled by beam-column elements and the horizontal ones by truss elements which are assumed to be connected to each other, and to the PMRF, by perfectly pinned connections (PPC). The nonlinear behaviour of all beam-column elements is as defined earlier in the text. The columns of PMRF of model SAC 1 are assumed to be fixed at the base, while those of IGF are assumed to be pinned. The slabs are modelled by near-rigid struts as considered in the FEMA study 26 . The total number of degrees of freedom is 846 and 3408 for Models SAC1 and SAC2 respectively.
EQ models: The design of the equivalent (EQ) 3D buildings with SMRF is performed in such a way that their dynamic properties in terms of lateral fundamental periods, mass and stiffness (lateral) are similar to those of the SAC models. Their geometry is the same as that of the SAC models (Figures 1 and 2 ). In order to keep the equivalence as close as possible, hypothetical sections are used. The lateral stiffness and strength of any interstory are the same for the SAC and EQ models. Moreover, the ratio of plastic moments or moments of inertia, between beams and columns of any story is essentially the same for the two systems. The same holds for exterior and interior columns. All members are assumed to be beamcolumn elements connected by FRC and the inelastic behaviour is as defined earlier in the text. These models are defined as EQ1 and EQ2 and their fundamental periods are 1.08 and 2.42 s respectively.
2D models:
As mentioned earlier, in practical design, steel buildings with PMRF are idealized as 2D models. For a given direction, half of the seismic loading is considered to excite each PMRF constituting the plane model. These models are denoted as 2D1 and 2D2, and their lateral fundamental periods of vibration are 1.13 and 2.46 s respectively. The responses are calculated for the 3D and 2D models and accuracy of the above-mentioned idealization is determined.
SDOF models: Equivalent SDOF models are developed for the 3-and 10-level buildings. As for EQ models, the weight of each equivalent SDOF system equals that of its corresponding 3D SAC model, and its lateral stiffness is selected in such a way that the natural period be the same for the 3D SAC and the SDOF systems. They are denoted as models SD1 and SD2 respectively. These systems have a SDOF in each horizontal direction. Figure 3 shows the elevation and plan of these systems. In order to have the equivalence in both horizontal directions, squared hollow structural sections are used for columns. They are HSS26 × 26 × 1/2 and HSS22 × 22 × 1/2 for the SD1 and SD2 models respectively. The damping ratio and yielding strength are selected to be the same for the SAC and SD models. The latter have been determined from a pushover analysis. It must be noted that in a strict sense, the SD models are not the SDOF systems studied in typical structural dynamics textbooks since axial forces can be developed in the columns under the action of horizontal excitations.
Earthquake loading
To study the issues mentioned earlier, the building models were subjected to 20 strong motions with different frequencies, recorded at the following stations: spectrum. The records were scaled-up to develop maximum drifts about 5% and 4% for the 3-level and 10-level models respectively. Additional information regarding the seismic records can be obtained from the NSMP (datasets of the National Strong Motion Project).
Formulation of R μ , R ζ and R Ω
As stated earlier, the force reduction factor is estimated in this study by considering the effect of yielding, elastic damping and overstrength. Thus
where R μ , R ζ and R Ω are the ductility reduction factor, damping reduction factor and overstrength factor respectively.
The R µ factor is calculated as
where R e (ζ = 3%) and R i (ζ = 3%) are the peak values of a given local, or global, parameter obtained without considering (linear analysis) as well as considering (nonlinear analysis) dissipation of energy by yielding respectively. The term (ζ = 3%) in eq. (2) indicates that 3% of critical damping is used in both types of analysis. Thus, R e and R i denote linear and nonlinear interstory shears respectively, if global parameters are being calculated, while they denote linear and nonlinear bending moments, or linear and nonlinear axial loads respectively, when local parameters are being considered. The reduction factors are R μS,SAC , R μS,EQ , R μS,2D , R μS,SD for the SAC, EQ, 2D and SD models respectively, for global response parameters; the corresponding factors are R μL,SAC , R µL,EQ , R μL,2D ,R μL for the case of local parameters.
The R ζ parameter is calculated as
where R e (ζ = 0%) and R e (ζ = 3%), similar to the case of R μ , represent the peak values of the parameter under consideration calculated without considering as well as considering dissipation of energy by damping respectively. The damping reduction factor is denoted as R ζS,SAC , R ζS,EQ , R ζS,2D and R ζS,SD for global parameters, while for local parameters it is defined by R ζL,SAC , R ζL,EQ , R ζL,2D and R ζL,SD . The values of the R Ω parameter proposed in other studies for special moment resisting steel frames are adopted here 3, 27 . The values of R Ω used are 2.8 and 2.3 for the 3-level and 10-level structures respectively.
Ductility reduction factor

Global ductility reduction factors
The story (or global) ductility reduction factors for the four structural representations of the steel buildings are considered in this section. The manner in which this parameter is calculated for the 3D building models, namely the SAC and EQ models, needs additional discussion at this stage. For a given model, direction, interstory and strong motion, the ductility reduction factors for interstory shears are calculated and averaged over all the frames (PMRF and IGF) that conform the 3D buildings for the interstory under consideration. The average is denoted as R μS,SAC , R μS,EQ , for the SAC and EQ models respectively. It is accepted that the ductility reduction factors should be associated to a deformation state close to the formation of a collapse mechanism 3, 5, 28 . Since the pattern of plastic hinges developed in the models for some strong motions is close to defining a collapse mechanism for maximum drifts of 5% and 4% for the 3-level and 10-level models respectively, here we consider that the maximum deformation capacity occurs for these drift values. Then the maximum reduction factors are assumed to occur for these levels of deformations.
Plots for R μS,SAC , R μS,EQ , R μS,2D and R μS,SD were developed for each strong motion, for each story of both models and horizontal directions. In total, 16 plots were developed; however, they are not presented here due to lack of space. Nevertheless, it is worth to mention that R μS values, for any of the structural representation, significantly varies from one seismic motion to another without showing any tendency, though the level of deformation is similar for each seismic record. It reflects a considerable effect of frequency contents of the seismic records on structural response. It was also observed that the reduction of interstory shears may significantly change from one story to another, particularly for the 3D representations.
In order to compare the R μS values (and the associated values of R, discussed later in the text) obtained in this study with those specified in the codes, the R μS values for each structural representation were averaged over all the stories (as usually made for story ductility demands); the results are denoted by R μG . Plots for this parameter were also developed, but are not presented either. The results are given only in terms of the fundamental statistics, namely the mean value (MV) and the coefficient of variation (COV) ( Table 2) . Results indicate that for the 3-level model, MVs of R μG,EQ (1.86 and 1.79) are, in general, larger than those of R μG,SAC (1.73 and 1.59) which in turn are larger than those of R μG,2D (1.51 and 1.53). Whereas for the 10-level model, the MVs of R μG,SAC are quite similar to that of R μG,EQ (about 1.30) which in turn are significantly smaller than those of R μG,2D (about 2.0). This implies that the magnitude of the ductility reduction factors is considerably influenced by the structural complexity. In all cases, the MVs are much larger for the SD models (ranging from 2.68 to 2.98). One of the reasons for this is that, although there is equivalence between the SD and MDOF models in terms of weight, strength and stiffness, the dissipated energy and the number of incursions in the inelastic range are significantly larger for the SD models. In addition, when yielding occurs in the SD models, plastic hinges are simultaneously developed at both ends of all structural elements (eight columns) implying a totally plasticized structure, whereas for the SAC and EQ models (which have hundreds of beam and columns), even if significant yielding occurs, plastic hinges are developed only in a relatively small number of structural members. Thus, the dissipation of energy is overestimated when SD systems are used, resulting in large unrealistic ductility reduction factors and consequently in non-conservative designs. It is also observed that for a given model, MV and COV are similar for the EW and NS directions and that COV is moderate for the MDOF structural representations (SAC, EQ and 2D), but it is significant for the SD models.
Local ductility reduction factors
The R μL values for bending moments and axial loads at some base columns (Figure 1 c and 2b) , are discussed now. Graphs for individual strong motions, similar to those of R μS , are developed for the two horizontal directions of the two steel buildings under consideration. However, only MV and COV are given (Table 3 ). It is shown that the MVs of R μL may significantly change from one building to another, from one structural representation to another, from one column location to another, and from one local response parameter to another. For bending moments of both buildings, MVs of R μL are greater for the SD models, values of up to 2.65 are observed; followed by those of the 2D, EQ and SAC models. In fact, for these three structural representations of the 10-level building, the MVs are only slightly larger than unity. For the case of axial loads and the 3-level building, however, excepting the EXT-EW column, the MVs are larger for the SAC and EQ models (maximum values are about 1.60), followed by those of the SD and 2D models. For the case of the 10-level building, the MVs are slightly greater than unity in all cases, being larger for the SD models followed by those of the 2D, SAC and EQ models.
It is also noted that the MVs of R μL are greater for bending moments than for axial loads for the SD and 2D models; however, the values are larger for axial load for the SAC and EQ models. In general, the local reduction factors (and their estimation uncertainty) are larger for the 3-level than for the 10-level models. This variation indicates again, as stated earlier for R μG , an important effect of the structural complexity and structural representation on the magnitude of the R μL parameter. By comparing the results of Tables 2 and 3 , it can be seen that the MVs may be significantly larger for R μG , when compared to those of R μL , particularly for the 10-level building.
Damping reduction factor
The damping reduction factor, calculated according to eq. (3), is discussed now. As for R μS of the 3D structural representations, the global damping reduction factors were averaged over all frames (PMRF and IGF); the results are represented by the R ζS parameter. Plots for individual strong motions and stories were also developed for R ζS,SAC , R ζS,EQ , R ζS,2D and R ζS,SD , but they are not shown here. However, it is worth to mention that the variability of R ζS from one story to another is much smaller than that of R μS , implying a more uniform distribution of response reduction through the height of the structure.
As stated earlier for the R μS parameter, in order to have a damping reduction factor comparable with the R parameter specified in the codes, the R ζS values are averaged over the stories and the results are defined by R ζG (Table  2) . By comparing the MVs of R μG with those of R ζG given in Table 2 , it is observed that unlike the case of R μG , the MVs of R ζG are not always larger for the SD models. In fact, they are similar for the four structural representations. This implies that yielding and damping are similar in one sense, but different in another: both of them reduce the seismic response, but the reduction produced by damping is more uniform through the different structural representations and, as stated earlier, through the height of the buildings. It is also observed that the MVs of R ζG are greater than those of R μG for the SAC, EQ and 2D models in most of the cases; however, for the SD models, the MVs may be significantly larger for the R μG parameter. These results clearly indicate again that the influence of yielding on the seismic response reduction should not be expressed in terms of an amount of equivalent viscous damping.
Results for local damping reduction factors are presented next. Plots for R ζL for the case of individual strong motions are developed, but only the statistics is given (Table 4 ). It is shown that the variations from one building to another, from one structural representation to another, from one column location to another, and from one response parameter to another, are much smaller than those of R μL (a similar conclusion was made earlier when R μG and R ζG were compared). For axial loads and the 3-level model, the MVs of R ζL are similar for the 2D and SD models (ranging from 3.20 to 4.17), followed by those of the EQ and SAC models (ranging from 2.31 to 3.81); while for bending moments they are similar for the MDOF representations (ranging from 1.91 to 2.07), which in turn are a slightly greater than those of the SD representation (about 1.84). For axial loads and the 10-level building, the maximum MVs occur for the 2D structural representation (ranging from 1.86 to 3.79) followed by those of the SAC, EQ and SD models, while for bending moments, as for the 3-level model, the MVs of R ζL are similar for the MDOF models, but in this case the largest values occur for the SD models (2.88).
Results also indicate that, unlike the case of R μL (Table  3) , the R ζL MV and COV are larger for axial loads than for bending moments, essentially for all the structural representations, and that, unlike the results of the comparison between R μG and R μL (Tables 2 and 3 ), the MVs of R ζ are larger for local (R ζL ) than for global response parameters (R ζG ). It is also observed from Table 4 that the axial load mean values of R ζL and the uncertainty in their estimation are, in most of the cases, larger for interior than for exterior columns, while for the case of moments they are similar for both types of columns.
Force reduction factor
The global (R G ) and local force reduction factors (R L ), calculated according to eq. (1), are discussed now. The values of 2.8 and 2.3 for R Ω mentioned earlier are used and they are assumed to be the same for R G and R L , as well as for the four structural representations under consideration. The fundamental statistics of R G is summarized in Table 5 (R μ R ζ R Ω ). It is shown that the MVs of R G (and the uncertainty in their estimation) are very large for the SD models (ranging from 10.05 to 15.94); since R μG is a component of R G , the unrealistic large values obtained for the former, due to an overestimation of the dissipated energy, are obviously reflected in the latter. For the MDOF structural representations (SAC, EQ and 2D) of the 3-level building, the MVs are quite similar for the SAC and EQ models (ranging from 8.21 to 9.31), which in turn are larger than those of the 2D model (ranging from 7.85 to 8.33); while for the MDOF models of the 10-level building, they are larger for the 2D model (ranging from 8.06 to 8.30), followed by those of the EQ and SAC models. The MVs of R G are in all cases greater for the 3-level than for the 10-level models, indicating as stated earlier, that the effect of the structural model complexity on the magnitude of the R G factor is considerable. Table 6 presents results for the R L parameter. A significant variation is observed from one structural representation to another, from one building to another, from one response parameter to another and from one column location to another. Values as small as 4.20 (bending moments, 10-level building, INT-NS column, 2D model) and as large as 13.79 (bending moment, 3-level building, SE column, SD model) are observed. As for the R G factor, the largest values occur for the SD models and, as for R G , R L is much greater for the 3-level building than for the 10-level building. With the exception of the SD models, the MVs of R L are larger for axial loads than for bending moments. By comparing the averaged R L values over all the column elements of Table 6 with those of R G (Table 5) , it is observed that for axial loads of the 3-level buildings, excepting the results of the SD models, the R L MVs are greater than those of R G ; for the 10-level model, the MVs of R L are greater than those of R G for the four structural representations. For bending moments, the MVs of R L are lower than those of R G in most cases. These results reflect, again, that the magnitude of R significantly varies with the structural complexity and with the response parameter under consideration, contradicting the common practice adopted in the SELF procedure, where the global response parameter reduction is assumed to be the same as that of local response parameters. This similarity is not justified based on the results of this study. In addition, the same reduction value for low-and medium-rise buildings cannot be justified either.
In the International Building Code (IBC, 2009 edition), the R parameter is called the response modification factor; it is stated that this factor mainly depends on the ductility capacity and on the inelastic performance of the structural material and system and that its maximum value (for special MRF) is 8. In the National Building Code of Canada (2010 edition), as for the IBC code, the maximum specified R value is 8 (most ductile buildings). It is inferred that the maximum R value specified in Eurocode 8 (2004 edition) is about 8. It is not clearly stated in these codes whether the effect of viscous damping should be considered. The values of the force reduction factor without considering the effect of viscous damping are given in Table 5 (R μ R Ω ). According to the results of this study for the more realistic 3D structural representation of steel buildings (SAC models) with PMRF, the value of 8, specified in the codes for the R parameter is justified only if viscous damping is considered (through the R ζ factor) for the case of low-rise building models and global parameters (interstory shear), or for some particular cases of local response parameter (R G , for example, ranges from 8.21 to 9.31). For mediumrise buildings, however, the value of 8 cannot be justified for both global and local response parameters (R G , for example, ranges from 5.48 to 5.50). If the effect of viscous damping is not considered (Table 5) , the value of 8 cannot be justified in any case. The codes need to be more explicit concerning the components (and their magnitude) considered in the R factor; a value of 6 is recommended.
Conclusion
The nonlinear seismic responses of steel buildings are numerically estimated and the force reduction factors (R) are calculated; two levels of R, namely global (R G ) and local (R L ), are studied. The contributions of yielding, viscous damping and overstrength, through the ductility (R μ ), damping (R ζ ) and overstrength (R Ω ) reduction factors respectively, are discussed. R G is estimated in terms of interstory shears, and R L in terms of bending moments and axial loads. Two three-dimensional (3D) steel building models with 3 and 10 levels are used in the study. In addition, equivalent 3D (EQ) with only moment frames, two-dimensional, and equivalent SDOF structural representations, are considered.
The results of the numerical study indicate that the global (R μG ), or local (R μL ) ductility reduction factors; the global (R ζG ), or local (R ζL ), damping reduction factors, or the global force reduction factors (R G ), in general, may considerably vary from one building and from one structural representation to another, or from one type of response parameter and column location to another. This implies that the effect of the structural complexity and type of response parameter on the magnitude of these factors is considerable. It is also shown that the magnitude of R μG and R ζG (or R μL and R ζL ) can be very different, indicating that the effect of yielding on the reduction of seismic response should not be expressed in terms of elastic viscous damping. Results also indicate that R G are greater for the 3-level than for the 10-level buildings, and that R L for axial loads are much larger than R G , but R L for bending moments may be much smaller than R G . This contradicts the common practice adopted in simplified analyses, where the reduction is assumed to be the same for global and local parameters as well as for low-, medium-or high-rise buildings. It is also shown that the dissipated energy and the force reduction factors are overestimated when the SD models are used, implying non-conservative designs. According to the results of this study for the more realistic (3D) structural representation of steel buildings with PMRF (SAC models), the value of 8, specified in the codes for the R parameter is justified only if viscous damping is considered for low-rise buildings and global parameters (R G , for example, ranges from 8.21 to 9.3). For medium-rise buildings, however, the value of 8 cannot be justified for global or for local response parameters (R G , for example, ranges from 5.08 to 5.50). If the effect of viscous damping is not considered, the value of 8 cannot be justified in any case; a value of 6 is recommended. Finally, it is highlighted that the codes need to be more explicit concerning the components of the R factor.
